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RIWKHUHF\FOLQJRI$%6RQPHFKDQLFDOSURSHUWLHVZHUHDVVHVVHG,QWKLVVWXG\$%6ZDVLQYHVWLJDWHGLQDQDWWHPSWWRRYHUFRPH
VRPHRIWKHEDUULHUVWKDWFXUUHQWO\KLQGHUWKHSURJUHVVRIUHF\FOLQJDFWLYLWLHV$UHF\FOLQJSURFHVVZDVVLPXODWHGLQRUGHUWRVWXG\
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WRIDLOXUHZHUHUHGXFHGFRQVLGHUDEO\5HF\FOLQJRI$%6FDXVHGQRPRUHGHWHULRUDWLRQLQSURSHUWLHVWKDQRFFXUUHGDVDUHVXOWRI
WKHILUVWSURFHVV
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SUDFWLFH >@:LWKLQ WKLV FRQWH[W WKH SROLWLFDO DJHQGD RI GHYHORSHG QDWLRQV KDV EHHQ IRFXVHG PRUH DQG PRUH RQ
HQDEOLQJKRXVHKROGVWRUHDFKVXVWDLQDEOHZDVWHPDQDJHPHQWWDUJHWVWKHUHE\HQKDQFLQJUHVSRQVLEOHZDVWHEHKDYLRXU
VXFKDVHIIHFWLYHUHF\FOLQJ(QJLQHHUVFRPSDUHWKHUHODWLYHHIIHFWVRIDOWHUQDWLYHWHFKQRORJLHVDQGWKHLPSDFWRIWKHLU
PHFKDQLFDOSURSHUWLHVRQZDVWHUHF\FOLQJV\VWHPV>@
$FU\ORQLWULOH±EXWDGLHQH±VW\UHQH $%6 LV ZLGHO\ XVHG LQ DXWRPRWLYHV LQVWUXPHQWDWLRQV DQG LQGXVWULDO DQG
GRPHVWLF DSSOLDQFHV GXH WR LWV H[FHOOHQW PHFKDQLFDO SURSHUWLHV GLPHQVLRQDO VWDELOLW\ DQG FKHPLFDO UHVLVWDQFH
SHUIRUPDQFHV >@ $%6 FRQVLVWV RI SRO\EXWDGLHQH 3% SDUWLFOHV GLVSHUVHG DQG SDUWLDOO\ JUDIWHG LQ D
VW\UHQHDFU\ORQLWULOH6$1FRQWLQXRXVSKDVH>@'LIIHUHQWSRO\PHUL]DWLRQSURFHVVHVKDYHEHHQGHVFULEHGHOVHZKHUH
>@
(YHQWKRXJK$%6SODVWLFVDUHXVHGODUJHO\IRUPHFKDQLFDOSXUSRVHVWKH\DOVRKDYHJRRGHOHFWULFDOSURSHUWLHVWKDW
DUH IDLUO\ FRQVWDQW RYHU D ZLGH UDQJH RI IUHTXHQFLHV 7KHVH SURSHUWLHV DUH OLWWOH DIIHFWHG E\ WHPSHUDWXUH DQG
DWPRVSKHULFKXPLGLW\LQWKHDFFHSWDEOHRSHUDWLQJUDQJHRIWHPSHUDWXUHV7KHILQDOSURSHUWLHVZLOOEHLQIOXHQFHGWR
VRPHH[WHQWE\WKHFRQGLWLRQVXQGHUZKLFKWKHPDWHULDOLVSURFHVVHGWRWKHILQDOSURGXFWIRUH[DPSOHPRXOGLQJDWD
KLJK WHPSHUDWXUH LPSURYHV WKHJORVVDQGKHDW UHVLVWDQFHRI WKHSURGXFWZKHUHDV WKHKLJKHVW LPSDFW UHVLVWDQFHDQG
VWUHQJWKDUHREWDLQHGE\PRXOGLQJDWORZWHPSHUDWXUH>@
7KHUPRSODVWLFV FDQEHPHOWHG DQG UHXVHG DOWKRXJK WKHSXULW\RI WKHPDWHULDO WHQGV WRGHJUDGHZLWK HDFK UHXVH
F\FOH7KHSURGXFWVFUHDWHGZLWKDWKHUPRSODVWLFKDYHDQXPEHURIDPRXQWVRIXVHG(DFKQXPEHUFRUUHVSRQGVWRWKH
F\FOHWKHSODVWLFKDV7KLVQXPEHUFDQEHXVHGIRUDQHDV\VHSDUDWHGIRUWKHUHF\FOLQJ
7KHSODVWLFLQMHFWLRQPRXOGLQJSURFHVVSURGXFHVODUJHQXPEHUVRISDUWVRIKLJKTXDOLW\ZLWKJUHDWDFFXUDF\YHU\
TXLFNO\3ODVWLFPDWHULDO LQ WKHIRUPRIJUDQXOHV LVPHOWHGXQWLOVRIWHQRXJK WREH LQMHFWHGXQGHUSUHVVXUH WR ILOOD
SODVWLF LQMHFWLRQ PRXOG 7KH UHVXOW LV WKDW WKH VKDSH LV H[DFWO\ FRSLHG2QFH WKH SODVWLF PRXOGLQJ KDV FRROHG
VXIILFLHQWO\ WRKDUGHQ WKHPRXOGRSHQVUHOHDVLQJ WKHSDUW7KHZKROH LQMHFWLRQPRXOGLQJSURFHVV WKHQUHSHDWV7KH
OHQJWKRIWLPHIURPFORVLQJWKHPRXOGWRHMHFWLQJWKHILQLVKHGSODVWLFPRXOGLQJLVWKHF\FOH
&RQVLGHUWKHW\SLFDOWHQVLOHVSHFLPHQWKHJDJHVHFWLRQLVWKHLPSRUWDQWSDUWRILW7KHFURVVVHFWLRQDODUHDRIWKH
JDJH VHFWLRQ LV UHGXFHG UHODWLYH WR WKDW RI WKH UHPDLQGHU RI WKH VSHFLPHQ VR WKDW GHIRUPDWLRQ DQG IDLOXUHZLOO EH
ORFDOL]HGLQWKLVUHJLRQ7KHJDJHOHQJWKLVWKHUHJLRQRYHUZKLFKPHDVXUHPHQWVDUHPDGHDQGLVFHQWUHGZLWKLQWKH
UHGXFHGVHFWLRQ7KHGLVWDQFHVEHWZHHQWKHHQGVRIWKHJDJHVHFWLRQDQGWKHVKRXOGHUVVKRXOGEHJUHDWHQRXJKVRWKDW
WKHODUJHUHQGVGRQRWFRQVWUDLQGHIRUPDWLRQZLWKLQWKHJDJHVHFWLRQDQGWKHJDJHOHQJWKVKRXOGEHJUHDWUHODWLYHWR
LWVGLDPHWHU2WKHUZLVHWKHVWUHVVVWDWHZLOOEHPRUHFRPSOH[WKDQVLPSOHWHQVLRQ>@

([SHULPHQWDOGHWDLOV
0DWHULDOVDQGHTXLSPHQW
$FRPPHUFLDO$%6ZLWK0),RIJPLQ&NJDQGVSHFLILFZHLJKWRIJFPZDVXVHGDVWKH
SRO\PHULFPDWHULDOLQSUHVHQWVWXG\$UEXUJ$WZLQVFUHZH[WUXGHUZLWKNJKH[WUXGLQJFDSDFLW\ZDV
XVHGIRUPHOWFRPSRXQGLQJRIWKHPDWHULDOV)LJXUH0HFKDQLFDOWHVWVVSHFLPHQVZHUHLQMHFWHGXVLQJDQ$UEXUJ
$ LQMHFWLRQPRXOGLQJPDFKLQHZLWK VFUHZ/' UDWLRRI VFUHZGLDPHWHURIPPDQGPD[LPXP
LQMHFWLRQSUHVVXUHRI03D$IWHUWKHLQMHFWLRQPRXOGLQJF\FOHWKHSLHFHLVQRWFRPSOHWHEHFDXVHWKHUHDUHH[FHVV
PDWHULDOVDORQJZLWKDQ\IODVK)LJXUHVDQG7KLVPDWHULDOPXVWEHWULPPHGIURPWKHSLHFH7KHH[FHVVPDWHULDO
FDQEHXVHGDJDLQLQWKHSURFHVVEXWLWQHHGEHUHF\FOHGLQWRDSODVWLFJULQGHUDQGPL[ZLWKUDZPDWHULDO
$7HVW7WHQVLOHWHVWLQJPDFKLQHZLWKPD[LPXPFDSDFLW\RI.1DQGH[WHQVLRQUHVROXWLRQRIPPZDV
XVHGIRUSHUIRUPLQJWHQVLOHWHVWV)LJXUH7KHYDOXHVZHUHDQDO\]HGZLWKWKHVRIWZDUH7HV7:LQQHU
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

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)LJD0LOOPDFKLQHE7HQVLOHWHVWPDFKLQH
 

)LJ$%6EHIRUHDQGDIWHUPLOOLQJ

)LJ3LHFHDIWHU(MHFWLRQ$)LQDOSLHFH%
7KH 9+; 'LJLWDO 0LFURVFRSH ZLWK D EXLOWLQ FKDUJHFRXSOHG GHYLFH &&' FDPHUD ZDV XVHG IRU WKH
PDJQLILHGYLHZLQJRIVDPSOHVDQGVSHFLPHQV7KHVHPLFURVFRSHVFDQXVXDOO\EHFRQQHFWHGWRDFRPSXWHUVRWKDWWKH
LPDJHVWKH\SURGXFHFDQEHVDYHGRQWRDKDUGGULYHIRUODWHU LQVSHFWLRQRUGLVSOD\HGRQDPRQLWRUVRWKDWVHYHUDO
SHRSOHFDQVHHDVSHFLPHQDWWKHVDPHWLPH
3UHSDUDWLRQRIVSHFLPHQV
(LJKWSDUDPHWHUVDUHFRQVLGHUHGLQWKHLQMHFWLRQPRXOGLQJPDFKLQH7KHVHSDUDPHWHUVFDQEHFKDQJHGWRFDOLEUDWH
402   María de Gracia Trujillo García et al. /  Procedia Technology  22 ( 2016 )  399 – 406 
WKHPDFKLQH7DEOHDQGWKH\DUHWKHIROORZLQJ
x 9ROXPH7KHFRUUHFWYROXPHGHWHUPLQHV WKHFRPSOHWH ILOOLQJRI WKHFDYLW\ ,I WKHYROXPH LV WRR VPDOO LW
LQFRPSOHWHILOOLQJWKHWRRODQGLILWLVWRRPXFKLWIRUPVDKHDY\EXUU
x 7HPSHUDWXUH7KHFRUUHFWWHPSHUDWXUHGHWHUPLQHVWKHFRPSOHWHPHOWLQJRIWKHSODVWLFV,ILWLVWRRVPDOOLW
FDQQRWHQWHULQVLGHWKHPRXOGDQGLILWLVWRRKLJKPD\EHLWFDQEHEXUQ:HKDYHWRVHOHFWWHPSHUDWXUHV
EHFDXVHRIWKHFRQILJXUDWLRQRIWKLVLQMHFWLRQPRXOGLQJPDFKLQH7KHILUVW IRXUWHPSHUDWXUHVDUHIURPWKH
KHDWHUVDURXQGWKHVFUHZDQGWKHLUPLVVLRQLVPHOWLQJWKHSODVWLFPDWHULDO7KHILIWKWHPSHUDWXUHLVIRUWKH
SDUWZKHUHWKHPDWHULDOLVZDLWLQJWRHQWHULQWKHEDUUHODQGLWLVVWDUWLQJWRKHDW
x ,QMHFWLRQUDWH7KHFXUUHQWLQMHFWLRQGHILQHVWKHYROXPHSHUWLPHWKDWIORZVGXULQJWKHLQMHFWLRQSURFHVVLQWR
WKHWRRO
x ,QMHFWLRQSUHVVXUH&UXFLDOIRUWKHUDSLGDQGFRPSOHWHILOOLQJRIPRXOGFDYLWLHV7KHYLVFRXVPDVVLVLQMHFWHG
LQDYHU\VKRUWWLPHLQWKHWRROWKHUHIRUHWKHKLJKLQMHFWLRQSUHVVXUHLVXSWREDU
x 3UHVVXUH DIWHU LQMHFWLRQ $OWKRXJK WKH HPSKDVLV EHJLQV RQO\ DIWHU WKH LQMHFWLRQ SURFHVV LW FRQWULEXWHV
VLJQLILFDQWO\ WR WKH TXDOLW\ RI WKH PRXOGHG SDUW 7KH UHDVRQ LV ZKLOH WKH PDWHULDO LV FRROLQJ LQVLGH WKH
PRXOGLWLVVPDOOHUVRZHQHHGLQMHFWPRUHPDWHULDOIRUFRPSOHWHDOOWKHYROXPHRIWKHPRXOGDQGLILWLVLQ
QRWHQRXJKZHFDQQRWGRLW
x %DFN SUHVVXUH 7KH SUHVVXUH DSSOLHG WR WKH SODVWLF GXULQJ VFUHZ UHFRYHU\ %\ LQFUHDVLQJ EDFN SUHVVXUH
PL[LQJDQGSODVWLFL]LQJDUHLPSURYHGKRZHYHUVFUHZUHFRYHU\UDWHVDUHUHGXFHG
x 9ROXPH RI FKDQJLQJ SUHVVXUH 'HILQHV WKH VZLWFKLQJ SRLQW RI LQMHFWLRQ SUHVVXUH WR KROLQJ SUHVVXUH E\
YROXPH ,Q WKH VRIWZDUHRI WKHPDFKLQH LW FRUUHVSRQGV WR WKHRUGHU WKHGLIIHUHQFHEHWZHHQVZLWFKLQJRQ
YROXPHGRVDJHV\VWHPYROXPHDQGYROXPHRIWKHLQMHFWLRQPRXOGHGSDUW
x 7LPHRISUHVVXUHDIWHULQMHFWLRQ,VWKHWLPHWKDWZHDUHJRLQJWRZDLWZKLOHFRROLQJ
$IWHUVHYHUDOWHVWVWKHPRUHVXLWDEOHSDUDPHWHUVKDYHEHHQWDNHQIRUWKLVZRUN7DEOH
7DEOH,GHDOSDUDPHWHUVLQLQMHFWLRQPRXOGLQJ
9ROXPHFP 
7HPSHUDWXUH&     
,QMHFWLRQ5DWHFPV 
,QMHFWLRQ3UHVVXUHEDU 
3UHVVXUHDIWHU,QMHFWLRQEDU 
%DFN3UHVVXUHEDU 
9ROXPHRI&KDQJLQJ3UHVVXUHFP 
7LPHRI3UHVVXUHDIWHU,QMHFWLRQV 

,Q WKH ILUVW SURFHVV  SLHFHV ZHUH GRQH DQG  SLHFHV ZHUH VHOHFWHG IURP WKH  WR  7KH UHVW RI WKH
PDWHULDO SLHFHV IURP WR DQG IURP WRDQG WKHSODVWLF DVVHPEO\ZHUHPLOOHG WRXVH LW LQ WKH VHFRQG
SURFHVV,QWKHVHFRQGSURFHVVSLHFHVZHUHGRQHDQGIURPWRZHUHFKRVHQ7KHUHVWZHUHPLOOHGDJDLQ
,QWKHWKLUGSURFHVVSLHFHVZHUHGRQHDQGIURPWRZHUHWDNHQ7KHUHVWRIWKHPDWHULDOZDVPLOOHGDJDLQ
,QWKHIRXUWKSURFHVVSLHFHVZHUHGRQHDQGIURPWRZHUHVHOHFWHG7KHUHVWZHUHNHSW
0HFKDQLFDOSURSHUWLHV
7RLQYHVWLJDWHWKHPHFKDQLFDOSURSHUWLHVRIPDWHULDOVSHUKDSVDWHQVLOHWHVWLVWKHPRVWLPSRUWDQWIXQGDPHQWDOWHVW
RI D PDWHULDO¶V PHFKDQLFDO UHVSRQVH >@ 2QH RI WKH PRVW LPSRUWDQW GDWD¶V REWDLQHG IURP WKH WHQVLOH WHVW LV WKH
XOWLPDWH WHQVLOH VWUHQJWKRI WKH WHVWHGPDWHULDO7HQVLOH VWUHQJWK LV WKHPD[LPXP WHQVLOH VWUHVV WKDW DPDWHULDO FDQ
HQGXUHEHIRUHLWXQGHUJRHVFUDFNLQJIUDFWXUHRUSODVWLFGHIRUPDWLRQ,QRUGHUWRSHUIRUPWKLVWHVWILUVWWKHVSHFLPHQV
ZHUHLQMHFWHGLQWRDFDYLW\PDFKLQHGDFFRUGLQJWRWKH$670'VWDQGDUG>@7KHQWHQVLOHWHVWVZHUHFDUULHG
RXWEDVHGRQDIRUHPHQWLRQHGVWDQGDUGDWURRPWHPSHUDWXUH$WOHDVWWKUHHVDPSOHVZHUHH[DPLQHGIRUHDFKWULDODQG
DYHUDJHWHQVLOHVWUHQJWK7DEOHVKRZVWKHPDLQSDUDPHWHUVRIWKHPDWHULDOWHVWHG
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7DEOH7HQVLOHWHVWSDUDPHWHUV
7HVWVSHHG PPPLQ
6DPSOHFURVVVHFWLRQ PP
7RWDOVDPSOHOHQJWK PP
,QLWLDOOHQJWK PP
0D[LPXPVWUHQJWK N1
:HJWUDYHUVH PP
5HVXOWVDQGGLVFXVVLRQ
,WFDQEHREVHUYHGDIWHUWKHWHQVLOHWHVWWKDWHDFKVSHFLPHQEURNHLQWKUHHGLIIHUHQW]RQHVWKDWZLOODOOGHPRQVWUDWH
GLIIHUHQWDPRXQWVRIHORQJDWLRQDQGGHIRUPDWLRQXQWLOWKHVSHFLPHQILQDOO\EUHDNV)LJXUH


)LJ$%6SLFWXUHVORFDWLRQV
3URFHVV,
7KHYDOXHVREWDLQHGLQWKLVSURFHVVDUHPRUHUHSUHVHQWDWLYHVLQWKHLUJUDSKLFIRUP)LJXUH


)LJ$%6WHQVLOHWHVWPLGGOHEUHDNDJHUHVXOWVWRJHWKHU
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3URFHVV,9
,WFDQEHREVHUYHGDIWHUWKHWHQVLOHWHVWWKDWHDFKVSHFLPHQKDVEUHDNLQDGLIIHUHQW]RQH7KHYDOXHVREWDLQHGLQ
WKLVSURFHVVDUHPRUHUHSUHVHQWDWLYHVLQWKHLUJUDSKLFIRUP)LJXUH


)LJ$%6555WHQVLOHWHVWPLGGOHEUHDNDJHUHVXOWVWRJHWKHU
7KHPDWHULDOLQWKHIRXUSURFHVVVKRZHODVWLFUHVSRQVHRYHUDUDQJHRIVWUDLQ$VLWFDQEHREVHUYHGRQWDEOHWKH
YDOXHVDYHUDJHRIVWUHQJWKDQGWHQVLRQFDQEHGLYLGHGLQWZRJURXSV7KHILUVWJURXSLVWKHSURFHVV,DQGWKHSURFHVV
,9DVWKHYDOXHVRIVWUHQJWKDQGWHQVLRQDUHVLPLODU7KHVHFRQGJURXSZLWKWKHDYHUDJHRISURFHVV,,DQGSURFHVV,,,
KDVDVZHOOWKHDYHUDJHYHU\VLPLODU,WFDQEHVDLGWKDWWKHUHF\FOLQJPDWHULDORQFHDQGWZLFHKDYHEHWWHUUHVXOWVRI
VWUHQJWKLQWKHWHQVLOHWHVW
7DEOH$YHUDJHRI6WUHQJWKDQG7HQVLRQ
 $YHUDJHRI6WUHQJWKDQG7HQVLRQ
 $%6 $%65 $%655 $%6555
6WUHQJWKN1    
7HQVLRQ1PP    

,W FDQ EH REVHUYHG WKDW WKH YDOXHV RI DYHUDJH RI EUHDN GRZQ GLVWDQFH VKRZQ LQ WKH WDEOH  DUH ELJJHU LQ WKH
SURFHVV,,DQGSURFHVV,,,WKDWPHDQVWKDWWKHUHF\FOLQJPDWHULDOKDYHPRUHHODVWLFLW\WKH\FDQDEVRUEPRUHVWUHQJWK
$VZHFDQVHHWKHWKLUGUHF\FOLQJ$%6555KDYHOHVVGLVWDQFHWKDQWKHRWKHUSURFHVV,,,DQG,,,
7DEOH$YHUDJHRIEUHDNGRZQGLVWDQFH
 $YHUDJHRIEUHDNGRZQGLVWDQFH
 $%6 $%65 $%655 $%6555
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SURFHVV7KHVXUIDFHLQWKHILUVWSURFHVVLVVPRRWKDQGORRNLQJDWWKHRWKHUVSURFHVVZHFDQREVHUYHWKDWWKHVXUIDFHV
DUHFKDQJLQJ7KHVXUIDFHLVPRUHDQGPRUHURXJKQHVVRQO\DSSUHFLDWHVZLWKWKHPLFURVFRSH
,WFDQEHDSSUHFLDWHGDVZHOOWKDWWKHFXWWLQJVXUIDFHZKHUHWKHVSHFLPHQVKDYHEHHQEURNHQDUHGLIIHUHQW$WWKH
EHJLQQLQJWKHFXWWLQJVXUIDFHLVVPRRWKDQGKDVQRWLUUHJXODULWLHV2QHRQDWLPHWKHFXWWLQJVXUIDFHVLVJHWWLQJPRUH
LUUHJXODULWLHVDQGDW ODVW LQWKHIRXUWKSURFHVVZHFDQVHHZLWKRXWWKHPLFURVFRSHWKHLUUHJXODULWLHVDQGDOVRVPDOO
SLHFHVRIWKHVSHFLPHQV

 
DSURFHVV,
 
ESURFHVV,,
 
FSURFHVV,,,
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 
GSURFHVV,9
)LJ'LJLWDO'DQG'LPDJHVRIWKHVSHFLPHQV
&RQFOXVLRQ
7KHPHFKDQLFDOUHF\FOLQJRI$%6WKURXJKPHOWSURFHVVLQJLQLQMHFWLRQPRXOGLQJZDVDVLPSOHPHWKRGWKDWGLG
QRWDIIHFWWKHSURFHVVLQJFKDUDFWHULVWLFVRIWKHPDWHULDOXSWRWKUHHUHSHDWHGH[WUXVLRQF\FOHV
2YHUDOOLWDSSHDUVWKDWUHF\FOLQJRI$%6RQHRUWZLFHZLOOJHQHUDOO\LPSURYHPHFKDQLFDOSURSHUWLHVWKDWDUHORVW
GXHWRGHJUDGDWLRQGXULQJUHF\FOLQJZLWKWKHH[FHSWLRQRILPSDFWSURSHUWLHV+RZHYHUWKHORVVRILPSDFWVWUHQJWK
PD\EHLPSURYHGE\WKHDGGLWLRQRIDVXLWDEOHLPSDFWPRGLILHU
5HIHUHQFHV
>@ 6LPSVRQ'.QRZOHGJHUHVRXUFHVDVDPHGLDWRURIWKHUHODWLRQVKLSEHWZHHQUHF\FOLQJSUHVVXUHVDQGHQYLURQPHQWDOSHUIRUPDQFH-RXUQDORI
&OHDQHU3URGXFWLRQ±
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
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